Recent pioneer papers of Sen (1981 Sen ( , 1985 Sen ( , 1992 have emphasized that poverty is a multidimensional issue. Hence, it should be seen in relation to the lack of important "basic needs" or "basic capabilities." This recommendation has motivated many researchers to focus on the way multidimensional aspect of poverty should be measured and aggregated. This survey synthesizes the contribution of the main approaches to measuring poverty in its various dimensions to better understand the theoretical framework and the limitations of each. This should help one choose which approach to adopt based on the circumstances and the constraints of the study to be conducted.
Introduction
A poverty measure is an index synthesizing all information available about the poor.
Given a distribution of one or several indicators of individual's welfare and a poverty line (suitably adjusted, if need be, for differences in individual needs, family composition and prices faced), 1 such a measure yields a single index that summarizes the extent of poverty generated by this distribution. Specifying a poverty measure is not, however, a simple task.
Indeed, many conceptual and methodological issues should be addressed, such as: What individual welfare indicators should be retained? Who is really poor and why? How can the set of information describing the poor population be synthesized into one poverty measure?
The economic literature dealing with these questions emphasizes that it is often hard, if not impossible, to find a consensus on the process yielding an appropriate poverty index. This diversity of opinions can be attributed to the fact that poverty is not an objective concept. On the contrary, it is a complex notion, requiring a normative analysis that inevitably leads to a choice of ethical criteria. These criteria, although they delimit the concept of poverty, distance researchers from any universal agreement on over the measure to use for poverty analysis.
The rest of the paper is structured as follows: Section 2 develops some of the methodologies that have been applied to various aspects of poverty without utilizing an axiomatic approach. Section 3 presents the theoretical framework of multidimensional poverty measures based on the axiomatic approach. Finally, Section 4 provides the conclusion.
Multidimensional Poverty Measures: a Nonaxiomatic Approach
Empirical studies of poverty are usually based on one-dimensional indicators of individual welfare, such as income (or total expenditure) per-capita or per-equivalent adult.
When more than a single dimension of welfare is considered outside of the axiomatic approach, poverty comparisons are either based on a combination of indicators that have been previously aggregated across individuals (Section 2.1) or on individuals' data that allow the retained welfare indicators to be aggregated at the individual level first, and across individuals next (Section 2.2).
The Use of Several Aggregate Welfare Indicators
A simple way to account for the multidimensional aspect of poverty is to examine several aggregated welfare indicators simultaneously. This path was followed by Adams and Page (2001) The Human Development Report published by the United Nations Development Programme (1997) states that a lack of income only provides part of the picture in terms of the many factors that impact on individuals' level of welfare (e.g., longevity, good health, good nutrition, education, being well integrated into society, etc.). Thus, a new poverty measure is called for-one that accounts for other welfare indicators, particularly:
1. An indicator that accounts for a short lifespan. Denoted as 1 HPI , this reflects the percentage of individuals whose life expectancy is less than 40 years.
2. A measure that is related to the problem of access to education and take account of spatial variation of prices within a given country and between countries, Bibi (2004) adjusts within each country the pertinent distribution of welfare by a region-specific poverty line. HPI ).
The proposed composite poverty index is elaborated by Arnand and Sen (1997) . It is written as follows: , the three elements of HPI are perfect substitutes. However, when θ tends to infinity, this index approaches the maximum value of its three components, i.e., The HPI omits the monetary dimension of poverty, which is as important as the aspects this index captures. Furthermore, this index does not account for the correlation that may exist among its three components. Thus, an illiterate individual whose life expectancy is less than 40 years will be doubly counted. Finally, ordinal comparisons of poverty will be very sensitive to the (arbitrary) values assigned to i w and θ . An alternative approach that allows for a better characterization of the weights assigned to each chosen attribute would certainly be more appropriate.
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The problem of choosing an appropriate weighting system for different welfare indicators was broached by Ram (1982) . 4 According to him, the data must be allowed to determine the optimal weight associated with each attribute, and this is where the Principal Components Analysis (PCA) method is thus appealing. Valerii (2000-2001) applied this procedure and constructed several multidimensional poverty indices, obtained by combining various welfare indicators (both monetary and non-monetary).
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To achieve this, they derived from the available attributes a set of new attributes called factors. 6 These factors represent all the original variables in the form of synthetic indices, and are obtained as a linear combination of the original variables. The system of weights associated with the original attributes is derived so as to reproduce their full range of variability. The "factor" variables are uncorrelated, each representing a particular aspect of the phenomenon of poverty. Ordinal comparisons of poverty levels are thus performed using each of these factors. This allows two goals to be attained simultaneously: on the one hand, to gather the available information into synthetic indices and, on the other hand, to identify the many dimensions contributing to the poverty level in each country so as to better capture regional disparities.
Several attributes were selected for an empirical application. Some reflect monetary 3 One can also fault the components of the HPI index for not satisfying Sen's Monotonicity axiom (1976) . 4 In this article, Ram critiques the approach proposed by Morris (1979) , who suggests an index of the quality of human life that attributes the same weight to illiteracy rates, infant mortality, and life expectancy at birth. Using the Principal Component Analysis (PCA), Ram prefers to assign a weight of 0.4 to the first attribute, 0.32 to the second, and 0.28 to the third. 5 See also Maasoumi and Nickelsburg (1988) . aspects (GDP per capita, the GINI coefficient); others capture access to education (the illiteracy rate, public expenditure on education as a percentage of GDP) and health (the infant mortality rate, life expectancy at birth). Results show that the factor that captures the greatest variability assembles some Latin American and North African countries together in an intermediate position between the countries of the Organization for Economic Cooperation and Development (OECD) and those of Sub-Saharan Africa.
The use of the PCA allows the weighting system---retained for multidimensional poverty comparisons---to be less arbitrary than that used to capture HPI. Yet, it is more attractive to carry out a robustness analysis by varying each weight over its entire range variation. Further, in using several aggregate indices, Valerii's (2000-2001) method does not solve the problem of double counting. In reality, it is easier to address both of these issues when using individual data, which is addressed in the following section.
Poverty Measures Based on Individual Data
A simple way of dealing with the multidimensional aspect of poverty consists of assuming that individuals' various attributes can be aggregated into a single indicator of welfare. Poverty can then be defined with respect to this indicator. In other words, individuals will be considered poor if their global welfare index falls below a certain poverty line that accounts for the multidimensional aspects of poverty.
This procedure is found in Smeeding et al. (1993) , in particular. They start from the simple premise that individuals' welfare depends not only on monetary income, but also on their access to certain social services such as education and healthcare. Furthermore, when they own their homes, individuals benefit from the services their residences provide. Consequently, imputing the same level of welfare to two individuals with the same income, one of whom owns his own home while the other rents, has the net effect of underestimating the welfare level of the homeowner.
Thus, Smeeding et al. impute a value to the service homeownership confers, using either the market value of a rental, when available, or the yield on the capital market of an equivalent investment when the market value of an equivalent residence is unknown.
As to education and healthcare services, the imputed global values are assumed equal to the amount the government spends on them. The distribution of educational services across households is obtained by estimating the per-capita cost of primary, secondary and university education. Expenditures on education are thus allocated according to the number of individuals in each household having completed a certain level of education.
Finally, as to the distribution of healthcare spending, Smeeding et al. treat healthcare spending as an insurance benefit received by all individuals, regardless of their actual use of these services. These benefits vary by age and sex. The value of the benefits imputed to households is thus estimated as a function of healthcare expenditures by age and sex for each group in the population.
This method was used to compare the incidence of poverty between certain OECD countries. A poverty line was set at 50 percent of the median income (before imputing nonmarket services in each of the selected countries). This study yielded two important results.
First, the incidence of poverty diminished in all countries with the move from the distribution of current income to the distribution of income-incorporating services rendered by housing (in the case of homeowners) and some non-market services received.
7 Second, the ordinal ranking of some countries changed depending on which distribution was used. For example, Great Britain placed in the middle of the ranking list for the current income distribution, but became the country with the lowest incidence of poverty when some non-market services were incorporated.
Although it constitutes an interesting attempt to account for non-market aspects of welfare, the approach applied by these authors presents certain limitations, such as:
1) The value attributed by mostly poor households to non-market services may be below the cost of producing these services; in such case, this method overestimates the welfare gain they provide.
2) This method does not preclude the possibility of compensation between different dimensions of welfare. For example, assume that there are two households equivalent in all but one dimension: one has a member who has not yet completed her university studies, while the other has a member of the same age who has just graduated (and who is seeking work). Assume further that the per-capita income of both households is very near the poverty line before the value of non-market services is factored in. Thus, before imputing the value of non-market services, both households are considered poor, but imputing the cost of university education means that the first household is no longer poor, while the second remains poor. It is, however, far from certain that the welfare level of the first is higher. A poverty line that is specific to the needs of the household would have avoided this problem.
The approach implemented by Pradhan and Ravallion (2000) solves this problem of overestimating benefits resulting from incorporating government services. It constitutes a multidimensional extension of the subjective evaluation of welfare in general and the poverty line in particular. 8 This evaluation is based on the following question addressed to households: "What income level do you personally consider to be absolutely minimal (That is, any amount lesser than minimum that will not allow one to make ends meet)?" The same question can be asked for each attribute in a multidimensional analysis.
Derivation of the subjective poverty line for each attribute can be facilitated by using the following model:
where ij z is the subjective poverty line for attribute j revealed by individual i , and ij x is the level of expenditure on that attribute. When the elasticity of the subjective poverty line with respect to expenditure on each attribute is less than "1", the minimum required for j to be socially acceptable is given by:
The global subjective poverty line is defined as the least expenditure required for an individual to be able to acquire the minimum of each attribute. An individual is thus considered poor when his income falls below the subjective poverty line,
Pradhan and Ravallion applied this approach to microdata from Nepal and Jamaica.
Their initial goal was to consider food consumption, clothing, housing, transportation, children's schooling and healthcare, education, and healthcare. However, in the empirical implementation, the last three attributes were omitted. The principal result of this analysis
shows that subjective measures of poverty (such as the incidence of poverty and the normalized poverty deficit) are greater than measures based on official estimates of the poverty line.
The Pradhan and Ravallion approach certainly contributes greatly to integrating multidimensionality, especially if it could possibly resolve difficulties associated with 8 For the subjective evaluation of welfare see, for example, Kapteyn (1994) and Kapteyn et al. (1988) . 9 It should be noted that Pradhan and Ravallion (2000) did not use this model to estimate the subjective poverty line. In fact, they did not have a subjective value for ij z for each individual. Rather, they had a score from one "1" to four "4" to indicate if a household was not at all satisfied with its situation (
). To determine the subjective poverty line, they used an ordered probit.
accounting for attributes omitted from their study. Nonetheless, it remains very restrictive and, ultimately, amounts to reducing the multidimensional aspect of poverty to a single dimension, with a more apt generalization of the concepts of income and the poverty line. Klasen (2000) developed an alternative approach that avoids the difficulties encountered when including certain attributes in the analysis of poverty. He assigned a score from "1" to "5" to each attribute. 10 When the score of an attribute j for individual i is equal to 1 ( i.e., 10 The notion of assigning a score to different attributes so as to avoid basing the analysis only on a monetary indicator is not completely new. For example, Townsend (1979) let a score equal "0" when a household was satisfied with its endowment and "1" if otherwise. From a selection of twelve attributes, he considered a total score equal to "6" to represent extreme destitution of the individual. Nolan and Whelan (1996) use factorial analysis to group highly correlated attributes into a single "factor," each of which contain information about a particular dimension of poverty.
11 Application of this procedure to South African microdata reveals that the results yielded by these two methods are very similar.
The poverty incidence and deficit are computed for different subgroups of the population, differentiated by household size, place of residence, level of education, etc.
Comparing the extent of one-dimensional (or monetary) and multidimensional poverty within the different subgroups reveals, for example, that households living in urban areas are less affected by multidimensional poverty, but more by monetary poverty.
Like the Pradhan and Ravallion method, that of Klasen does not preclude compensation between attributes. Thus, if an individual's score on the first attribute is "5" (i.e., extreme deprivation) while that on the second is "1", she will not be considered poor if the poverty line is below "3". Furthermore, the method by which the scores are attributed and (to some extent) the weights are set is very arbitrary.
Starting from Sen's (1992) capabilities approach, which seeks to identify households unable to develop the capabilities required for a decent life, Haverman and Bershadker (2001) propose a new concept of poverty based on households' skill in capitalizing on their own resources (physical and intellectual) to escape poverty. The poverty measure yielded should identify those households that have the greatest difficulty (i.e., those at the bottom of the distribution of capabilities-to-generate-minimum-necessary-income). They call this measure self-reliant poverty. Here, individuals who are chronically poor are unable to be economically independent. They cannot generate an income exceeding that deemed as the minimum by its society's standards.
The motivation for this new poverty measure is obvious, according to Haverman and Bershadker. Indeed, being unable to reach the minimum income required to cover the basic needs indicates a situation that is much more serious than that of individuals who are short of money owing to a downturn in the business cycle or are looking for a better job; than those who are transiently poorly housed; or even than those whose consumption is temporarily below the minimum required. Moreover, identifying households that are poor but nonetheless able to escape from poverty by their own efforts, is absolutely vital. Transfers targeted at these households must be time-limited, so that they do not become dependent on social assistance.
To measure self-reliant poverty, Haverman and Bershadker begin by measuring the capability of each adult living in the household to earn an annual income. This estimated income corresponds to the amount an adult should earn if she worked full-time for one year earning a wage commensurate with her physical and intellectual capabilities.
12 This, then, yields the household's capacity to generate income. If this income falls below the official poverty line, the household is deemed unable to be economically independent, even if all adult members work full-time.
Application of this methodology to US data reveals that self-reliant poverty is growing faster than the incidence of poverty. It also reveals that single-parent families and families with little human capital are most affected by this poverty. To determine the weight, j w , assigned to the ownership of each asset or the access to each basic service, mainly two routes are followed. The first route assigns equal weights to the ownership of each asset or access to each basic service. 13 Clearly, however, this is not the best approach since it assumes, for example, that the welfare value of the ownership of a bicycle is the same as having access to sanitation facilities. The second route relies on the Principal Component Analysis (PCA) method to derive the different weights. 14 Finally, for poverty comparisons purpose, one or several poverty lines are set so as to compute the incidence of poverty or any other poverty measure.
The use of PCA leads certainly to a weighting system that is less arbitrary than assigning the same weight to the ownership of the different assets. Nonetheless, there is no evidence whether the asset-based measures should treat ownership of assets as equivalent or different over time and across regions. Thus, for inter-temporal or inter-regional poverty comparisons, it is not clear whether the different DHS should be pooled to derive a unique weighting system for all, or a weighting system for each available DHS be derived independently of the others. The empirical results should then be interpreted with caution,
given the various conceptual and methodological limitations of the asset index approach to poverty analysis. 
An Axiomatic Approach to Elaborating Multidimensional Poverty Measures

Presentation of the Principal Axioms and the Measures They Yield
The most general form of a class of multidimensional poverty measures can be given by the following equation:
where ( 16 See, for example, Donaldson and Weymark (1986) . 17 This axiom was introduced into poverty analysis by Chakravarty (1983) and Thon (1983) . One of its consequences is that the poverty measure falls with increases in the size of the nonpoor population. 18 Blackorby and Donaldson (1980) 
distinguish this axiom from another, the Transformation
Invariance. This suggests that ( ) ( ) + , + = , . P X T z t P X z However, this latter axiom had not been retained because it has only been used by Tsui (2002) in a multidimensional analysis.
This axiom makes it clear that the individual poverty function will have the following form: Using this axiom, one finds:
Thus, the isopoverty curves for a poor individual run parallel to the axis of the j -th attribute when , ≥ i j j x z . 19 The following axiom reveals that the multidimensional incidence of poverty (as given by the HPI index, for example) is not completely satisfying in some respects.
Axiom 6. Monotonicity:
The poverty measure declines, or does not rise, following an improvement on a poor individual's attributes.
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The consequence of this axiom is that isopoverty curves are not increasing, i.e:
As is the case for one-dimensional measures, the multidimensional poverty measures 
P X z P Y z
A multidimensional measure of poverty conforms to the preceding axiom if it can be formulated as follows: The literature dealing with multidimensional poverty distinguishes between measures based on the union of the various aspects of deprivation and those based on their intersection.
22 Chakravarty et al. (1998) opt for measures based on the union. In addition to decomposing the population by subgroup, they also propose a decomposition by attribute:
Axiom 9. Factor Decomposability: Global poverty is a weighted mean of poverty levels by attribute. 21 More detail on the usefulness of this type of axiom can be found in Chakravarty et al. (1998 ), Tsui (2002 , and Bourguignon and Chakravarty (2003) . 22 More information about this is presented in Atkinson (2003) and Duclos et al. (2003) . 23 Bourguignon and Chakravarty (2003) show that, under certain conditions, a decomposition by factors necessarily arises. Conversely, the following multiplicative extension to the FGT class does not respect the decomposability-by-factor axiom:
where j α is a parameter reflecting poverty aversion with respect to attribute j .
Moreover, in this case, poverty is measured across the intersection of various dimensions of human deprivation. In fact, an individual having the minimum requirement for a single attribute but less than the minimum for all others, will not be considered part of the poor population.
The Factor Decomposibility axiom necessarily leads to poverty measures based on the union of different dimensions of poverty. However, the opposite is not always the case.
For example, the index suggested by Tsui (2002) , though not compatible with Factor Decomposability, is based on the union of the various dimensions of poverty: 24 24 This is a multidimensional extension of Chakravarty's (1983) measure. Aside from decomposability by factor, this measure obeys all the axioms developed so far. Sen (1976) further suggests that poverty measures should be sensitive to inequalities within the poor population. In other words, a Dalton transfer from a relatively less poor individual to a poorer one should reduce the poverty index. 25 This principle was applied by Kolm (1977) to study the problem of inequality in a multidimensional context. , y , respectively. Clearly, the distribution Y is more egalitarian than X , which explains why it must contain less poverty. Thus, this property implies that the isopoverty curves must be convex, or
Thus, the axiom on Transfer is satisfied by the Watts (1968) , y . The correlation between the attributes increases subsequent to this transfer, i.e., an individual having more of one attribute also has more of the other attribute. Intuitively, poverty must increase, or at least not decrease, after this type of transfer. 27 The following axiom, proposed by Tsui, imposes that a poverty measure should not decrease after this type of transfer: 
, ≤ , . P X z P Y z Bourguignon and Chakravarty (2003) point out that this axiom is valid for substitutable attributes. In this situation, substitutability must be understood in terms of closeness in the nature of the attributes. In light of this, if education and income are assumed to be two attributes with similar nature in the preceding example, then the poverty of individual 3 does not decline much when income increases because his/her education level is high. The decrease would have been greater had he/she been less educated. It is important that the expected fall not offset the increase in poverty of individual 2, whose income has decreased while his/her education level is low. Analytically, when attributes are substitutable, then
One must conclude that poverty measured by twice-decomposable indices will remain unchanged subsequent to any transfer that increases the correlation between attributes.
Henceforth, this last axiom will always be (weakly) satisfied by this type of measure. The Tsui Bourguignon and Chakravarty (2003) propose an extension to the FGT class of measures that, in addition to respecting all the axioms developed above, also allows for substitutability and complementarity among attributes: 
In this case, the two attributes are complementary and the isopoverty curves assume the shape of Leontief curves.
As compared to any ad-hoc aggregation procedure, the axiomatic framework presented above has not only enhanced one's understanding of the way poverty is to be computed, but also facilitated the empirical rankings of multidimensional distributions.
Although there is no full agreement on the set of axioms a poverty index should fulfill, it is generally admitted that a poverty measure ought to be focused, continuous, monotonic and distribution-sensitive.
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The axiomatic approach of poverty measurement does not, however, lead to a unique 29 See Zheng (1997 Zheng ( , 2000 .
poverty yardstick. For a set of reasonable axioms, there are always several satisfactory poverty indices, each of which is based upon a questionable axiom. Thus, as argued by Foster (1984) , any choice of a single measure is bound to be arbitrary and so are the conclusions based on this measure. Yet, this arbitrariness can be reduced if, instead of using a single poverty measure (and a single poverty line for each attribute), a set of reasonable axioms is first retained and, in turn, a class of poverty measures is drawn up. In the literature of poverty measurement, this alternative route is called either partial poverty orderings or robustness analysis.
Robustness Analysis
Because ordinal poverty measures are liable to be mitigated by an alternate choice of z or ( ) , P X z , the stochastic dominance approach seeks to establish the conditions under While the literature dealing with issues of dominance in a one-dimensional environment (based on an axiomatic approach) is well developed, research into the multidimensional aspect is scarcely beginning, and remains an important avenue of exploration. Bourguignon and Chakravarty (2002) seek to establish conditions for the robustness of a given ordinal ranking, given X and z , under the assumption that the upper poverty line for each attribute remains fixed. They also assume that the poverty measure respects the axioms of Focus, Symmetry, Principle of Population, and Subgroup Decomposability. , H x x , defined on , stochastic dominance requires first-order dominance in each dimension of poverty:
2) And the first-order dominance across the intersection of the two dimensions of poverty is :
3) When the two attributes are complements, i.e. Whenever it is desirable for poverty measures to further respect the Transfer axiom, it is far from obvious that the second-order stochastic dominance results can be applied analogously. According to Bourguignon and Chakravarty, the analysis of second-order stochastic dominance requires restrictions on the signs of the poverty function's second and third derivatives. Interpretation of these restrictions is unclear in the context of multidimensional poverty. Nonetheless, if the chosen measures are additive over attributes and population subgroup, the authors show that second-order robustness simply requires that:
In other words, second-order dominance (in the sense of Atkinson (1987) 
They assume that an unknown poverty frontier separates the poor from the non-poor population. This frontier is implicitly defined by ( )
. The set of poor is then defined by:
Consequently, a two-dimensional poverty measure satisfying the Subgroup Decomposability axiom can be written as:
where ( ) An application of this framework has been performed by Bibi (2004) and Duclos et al. (2005) to yield bivariate poverty comparisons between Egypt and Tunisia in the first application and Ghana, Madagascar and Uganda in the second one. 33 In these two applications, the household expenditures per capita is retained as a proxy of the monetary dimension of welfare. Nevertheless, while the former application uses household heads' years of schooling as a proxy for educational attainment, the latter uses children's standardized heights as a good measure of the health status. Bidimensional poverty analysis is found to provide results that are at odds with one-dimensional poverty analysis in both studies. Indeed, whereas it is possible to conclude unambiguously that poverty is lower or higher in one country than in another using a "one-at-a-time" indicator of well-being, such a conclusion is not always possible using unrestricted bivariate poverty comparisons.
Conclusion
There is considerable agreement that poverty is a multidimensional problem involving a number of monetary and non-monetary handicaps. Since it is impossible in practice to obtain empirical observations on all these handicaps, researchers had to reduce poverty to a one-dimensional aspect. However, since the beginning of the 1990s, data on attributes other than income have become increasingly available. The multidimensional approach is thus 33 See also Bibi and Ellahga (2005) .
more than ever required to better understand the performance of a given country in the battle against poverty in all its aspects.
Once the dearth of data availability has been overcome, researchers are confronted with a new challenge: How should information reflecting the various aspects of poverty be aggregated to yield a global measure of poverty? Should this measure focus on the situation of those who are poor according to all attributes simultaneously? Or should the measure also account for the deprivation of those who do not reach the required minimum for any one attribute?
To synthesize the various approaches to measuring poverty in various dimensions, this study has distinguished whether or not poverty measures are based on an axiomatic approach. The goal has been to better understand the theoretical underpinnings and limitations of each approach.
This paper does not aim to pass judgement on the value of the various approaches presented. Such approaches are not based on the same theoretical framework; these methodologies may clearly also yield different results in terms of the ordinal ranking of poverty. Moreover, each approach may be the most appropriate in a given context. For instance, if only aggregate indicators of welfare are available, using either HPI or the PCA is a pertinent approach to make ordinal poverty comparisons. If household surveys are available and involve continuous variables, it is better to follow an axiomatic approach that determines the desirable properties the individual poverty function should not violate when monitoring multidimensional deprivation. Nevertheless, whenever the household surveys involve only indicator variables, the axiomatic approach could not be followed. In such a case, the construction of asset-based measures become appealing for poverty comparisons over both time and regions. Thus, understanding the theoretical foundations and the limitations of each approach allows one to choose the right approach to adopt depending on the circumstances and the constraints of the study to be conducted.
